Rotational spectra of dimethyl selenide in torsional and vibrational excited states were measured by Stark-and MWMW double resonance spectroscopy. The spectra could be assigned partially and evaluated for internal rotation parameters. The limitation of the rigid top-rigid frame Hamiltonian became obvious.
Introduction
With this paper we continue a series of investigations of molecules of the type (CH 3 ) 2 X, X = O, S, CH 2 and StH 2 [1, 2, 3] , (CD 3 ) 2 X, X = O, S, Se [1, 3, 4] aiming at the barrier to internal rotation of the methyl groups. The barrier of these two top molecules of C 2i .-configuration symmetry with two equivalent tops is given by a two dimensional Fouriers series:
V 3 V 3 y(<Xi,<*2) = -(1 -cos 3a,) + -(1 -cos 3a 2 ) + V\ 2 sin 3ai sin 3a 2 + V\ 2 cos 3oci cos 3a 2 + ....
V 3 is the hindering potential, V{ 2 and V\ 2 are top-top coupling potential coefficients, a, the torsion angles. The analysis of the rotational spectra of (CH 3 ) 2 78 Se and (CH 3 ) 2 80 Se is based on a rigid frame rigid top
Hamiltonian. In the course of our study we noticed its limitations. As it was discussed earlier [5] [6] [7] [8] [9] [10] [11] we will give it in equation (2) in short. The Hamiltonian includes only two degrees of freedom for internal rotation (torsion) and three for overall rotation. Vibrations are neglected. The measurements of a rotational spectrum in an excited vibrational state showed a different effective potential V 3 indicating a torsion-vibration interaction.
The rotational spectra of (CH 3 ) 2 "Se in the groundstate were investigated by [12, 13] barrier V 3 has been determined from the multiplet splittings. It is known from the other molecules of this type that for the determination of V[ 2 and V l2 the analysis of torsion excited states is necessary.
Experimental
The spectra of (CH 3 ) 2 Se were recorded by means of a conventional Stark spectrometer [14. 15] equipped with an 8 m absorption cell using 33 kHz Stark modulation. Dimethyl selenide [16] was prepared according to Bird and Challenger [17] by M. Andolfatto. Isotopic enriched Se (99.2%) was obtained from Rohstoff-Einfuhr GmbH, Düsseldorf. The sample pressure was around 5 mTorr, the temperatures were between -30 and +20 °C.
For the assignment microwave-microwave double resonance experiments (MWMWDR) were necessary. For this investigation we extended the range of our MWMWDR spectrometer [18, 19] to pump frequencies from 18 to 26.5 GHz [20] .
Assignment of the Spectra
The first problem of this work was the assignment of the spectra with respect to the rotational transitions and the vibrational and torsional states. The problem is still further complicated, as five isotopic species are observable. Taking the lowest vibrational and the six lowest torsional states f"= 0], 11, 1 2 , 2|, 2 2 , 2 3 '. each divided in four sublevels, 120 rotational spectra are overlaved for the five isotopic species.
As the ground state v" = Oi rotational spectra were thoroughly investigated [13] 20 spectra were precisely known.
The assignment to the isotopic species was made by transferring the isotopic shift from the ground to the excited states, by intensity arguments and comparison of the spectra of natural isotopic composition with those of 80 was identified by intensity and typical shifts. As the other species are less abundant, we concentrated on the problem of assignment for these two species.
As was pointed out in [1] different features of the spectrum aid in assignment. We repeat them for discussion: a) Stark effect; b) relative spin weights [9, 10] As the spectrum is quite dense the Stark effect pattern is frequently disturbed by other lines. But the different types of Stark effect, a linear contribution for A,E, EE-species (/= 1, 2) lines helped.
The relative spin weights and Boltzmann factor is useful only for comparison of lines not too different in frequency, as intensity measurements with a conventional Stark spectrometer are difficult. The widest splitting of an identified multiplet was 267 MHz.
We noticed that only four spectra could be fitted to quasi rigid rotor spectra with a mean square deviation less than 2.5 MHz. For one isotopic species and the states F= 1,2 five should be present. Further we failed in many cases for fitting the internal rotation splittings consistently. Also similarities between (CH 3 ) 2 Se and (CD 3 ) 2 Se were of minor use. 1 Enriched selenium for the other isotopes are available but expensive. 2 For group theoretical labelling see [9, 10] . We exploited very much the double resonance technique. As the spectrum is very dense and the double resonance is not always decisive because of off resonance pumping and a poor signal to noise ratio we used as a check the Ritz combination principle of terms as illustrated in Figure 1 .
This procedure was limited to low J lines to minimize centrifugal distortion effects (compare point d) above) and reduce computing time (compare point e) above).
In Fig. 1 we have indicated Ritz "cycles" I to IV. Cycle I and III and II and IV are connected by one transition respectively. The lines of cycle I determine only the rotational constants A and C, but the cycles I + III and/or II + IV should be sufficient to determine the rotational constants A, B and C if the spectrum follows a quasi rigid rotor pattern.
In Table 1 For the search of double resonances diagrams as given in Fig. 2 were useful. Both isotopic forms have similar spectra.
Analysis of the Spectra
For the analysis a symmetrized Hamiltonian based on the rigid frame-rigid top model is used. The symbols are given in [9] ,
:
Discussions of the model and the Hamiltonian (also in equivalent forms) may be found in [2, [5] [6] [7] [8] [9] [10] [11] 22] , Usually the Hamiltonian matrix is diagonalised in two steps. First a van Vleck transformation is applied to a torsional ?"-level or two near degenerate torsional f -"-levels. Second the effective rotational matrix is diagonalised. This procedure may be separated for the A, Ay, A,E, EA ; and EE, /,y'=l,2, torsional sublevels. For second order van Vleck transformation an approximate quasi rigid rotor spectrum results for the A, Ay-levels In Tables 5 and 6 we give cycles of type I + III and 11 +IV. connected by measured transitions 2 2 I -2 ]2 and 2 n -2o2 respectively. They are selected from Tables 1 to 4 . For these a rigid rotor spectrum fit was tried. Only three cycles of type II + IV showed a standard deviation less or equal 3.3 MHz. With a prediction of rigid rotor spectra these cycles could be connected to three cycles of type I (see Table 1 ).
In a similar way one cycle of type IV 2] ] -2 0 2: 9841 MHz ( 78 Se) could be connected to one cycle of type I 1 io -1 oi • 6865 MHz. see Table 1 . The results are summarized in Table 7 together with results for the ground state [13] .
For the two most abundant isotopes up to state r" = 2 3 ten quasi rigid rotor spectra should have been found. We interpret this failure by a break (2) or (2) itself 1 .
Taking the lines of the four spectra as A,-Aycomponents of the torsional multiplet we tried to assign the EE-components, as those are the most intense in a multiplet of a rotational transition.
For this purpose the splittings (v EE -v Aj A,-) were calculated with a program 2 based on Hamiltonian (2). The van Vleck transformation was applied to the levels (r"=l], 1 2 ), (r"=2i, 2?) and v"= 2 3 . Denominator correction is included.
Out of a very large number of trials only one consistent choice of measured dubletts resulted. The frequencies of the lines are given in Table 8 .
The rotational transitions lii _ Ooo-2 02 -ln, 3o.i -212 and 3 2 | -3| 2 of Table 8 and marked with a were assigned with additional rigid rotor calculations for the A,-Ay species and calculations of the torsional splittings *' EE -I'Aj A,-For the fitting 5 = 4 F 3 /9F= 42.13 and 7 X = 3.244 amuA 2 was taken from the ground state analysis [12] , ß = arc cos /./,,, V{ 2 and V\ 2 . were varied. We noticed, that for the states v" = 1 2 and v n =2 3 1 It cannot be absolutely excluded that some spectra have been overlooked. : The computerprogram MELITA original written by A. Trinkhaus [2] and modified bv V. Typke. Ulm [3] was adapted to the Digital PDP 10 of the Rechenzentrum. University Kiel. Table 1 ). Table 1 . Ritz cycles II/IV: see Table 6 . for 78 Se cycle IV only, see the fit was nearly of the same quality as given in Table 9 . This ambiguity could be removed, as only the data resulting from the choice v"=2t, give an infrared torsion transition of 147.2 cm -1 whereas other results in 135.6 cm"
1 . For this transition Durig and Winther [23, 24] reported 147.5 cm -1 .
The final result is given in Table 10 and compared with the results for (CH 3 ) 2 0 and (CH 3 ) 2 S. The parameter F )2 is undetermined for (CH,):Se.
Analysis of a vibration excited state
The problem of the analysis of torsional excited states is reflected by the analysis of a vibrational excited state, which was assigned in the course of the measurements with the help of double resonance experiments. As this state is torsion ground state it should show torsional splittings of the rotational lines equal to the ground state if no interaction is present. The experimental result is different. The splittings are wider, the measurements are given in Table 11 .
In Table 12 we give the result for the rotational and centrifugal distortion constants. The Hamiltonian of van Eijck [25, 26] was applied to the A, A-components.
The torsional analysis was in principle based on the Hamiltonian (2) with V[ 2 = 0, F 12 = 0, F = 0 treated with the internal axis method [5, 6, [27] [28] [29] , It should be pointed out that this Hamiltonian should be considered as an effective one as torsionvibration interaction is neglected. As can be seen from Table 11 the fit is good, but the results of the torsion analysis illustrate especially by ß that the Hamiltonian is only effective. An unreasonable angle of 84.7° between the internal rotation axis results.
From the intensity we estimated that the vibrational excited state is the first CSeC bending state at 209 cm" 1 [20],
Discussion
We noticed, that the Hamiltonian (2) is only partially sufficient for explaining some features of the spectrum, others are unexplained. It would be possible to generalize this Hamiltonian as it was done for one methyl top molecules [30] and applied to some molecules [31] , We did not yet start this work as the computing time would be very high.
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